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A Process for En rgy Recovery in Process s for the Preparation of 

Aromatic Carboxylic Acids 



5 Field of the Invention 

This invention relates to a process for the manufacture of an 
aromatic carboxylic acid-rich stream by exothermic liquid phase oxidation of 
an aromatic feedstock. More particularly, this invention relates to the 
efficient energy recovery of the exotherm produced by the liquid phase 
10 oxidation of an aromatic feedstock. 



Background of the Invention 

Aromatic carboxylic acids, such as terephthalic acid, isophthalic acid, 
and napthlene dicarboxylic acid are useful chemical compounds and are 
15 raw materials in the production of polyesters. In the instance of terephthalic 
acid, a single manufacturing facility can produce greater than 100,000 
metric tons per annum as feedstock for a polyethylene terephthalate (PET) 
facility. 

Terephthalic acid (TPA) can be produced by the high pressure, 
20 exothermic oxidation of a suitable aromatic feedstock such as para-xylene. 
Typically, these oxidations are carried out in a liquid phase using air or 
alternate sources of molecular oxygen in the presence of a metal catalyst or 
promotor compound(s). Methods for oxidizing para-xylene and other 
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aromatic compounds such as m-xylene and dimethylnaphthalene are well 
known in the art. These oxidation reactions will typically produce reaction 
gases generally comprising oxidation reaction products such as carbon 
monoxide, carbon dioxide, and methyl bromide. Additionally, if air is used 
5 as the oxygen source, the reaction gases may also contain nitrogen and 
excess oxygen. 

Most processes for the production of TPA also employ a low 
molecular weight carboxylic acid, such as acetic acid, as part of the reaction 
solvent. Additionally, some water is also present in the oxidation solvent as 

10 well as being formed as an oxidation by-product. 

Oxidations of this type are generally highly exothermic, and although 
there are many ways to control the temperature of these reactions, a 
common and convenient method is to remove the heat by allowing a portion 
of the solvent to vaporize during the reaction. The combination of the 

15 reaction gases and the vaporized solvent is referred to as a gaseous 

mixture. The gaseous mixture contains a considerable amount of energy. 

Because water is formed as an oxidation by-product, at least a 
portion of the gaseous mixture either as vapor or condensate is usually 
directed to a separation device, typically a distillation column, to separate 

20 the water from the primary solvent (e.g. acetic acid) so that the water 
concentration in the reactor is not allowed to build up. 
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Summary of the Invention 

An objective of this invention is to provide a method for efficient and 
economical recovery of energy that is generated as a result of a highly 
exothermic oxidation reaction producing an aromatic carboxylic acid. 
5 Another objective of this invention is to provide for the energy recovery 
while simultaneously performing a chemical separation between a low 
molecular weight carboxylic acid solvent and water. 

In one embodiment of this invention, a process for recovery of 
10 thermal energy from an offgas stream is provided the process comprises 
the following steps: 

a) oxidizing an aromatic feedstock with a liquid phase reaction 
mixture in a reaction zone to form an aromatic carboxylic acid-rich stream 
and a gaseous mixture; 
15 b) removing in a separation zone a substantial portion of a solvent 

from the gaseous mixture to form the offgas stream and a solvent rich 
stream; and 

c) recovering the thermal energy from at least a portion of the offgas 
stream in a heat recovery zone; wherein a portion of the offgas stream is 
20 condensed to form a condensed mixture; wherein the condensed mixture is 
optionally recycled back to the separation zone; wherein a portion of the 
thermal energy is recovered in a working fluid; and wherein a portion of the 
enthalpy in the working fluid is recovered in a power cycle; wherein the 



working fluid is a compound or mixture of compounds that have a normal 
boiling point between about -100 °C to about 90° C. 

In another embodiment of this invention, a process for recovery of 
thermal energy from an offgas stream is provided, the process comprises 
the following steps: 

a) removing in a separation zone a substantial portion of an oxidation 
solvent from a gaseous mixture to form an offgas stream; and 

b) optionally, recovering thermal energy from a portion of the offgas 
stream in a first heat recovery device to produce a low pressure steam. 

c) recovering thermal energy from a portion of the offgas stream in a 
second heat recovery device utilizing a working fluid through a power cycle; 
wherein a portion of the enthalpy in the working fluid is recovered in a 
power cycle; wherein the working fluid is a compound or mixture of 
compounds that have a normal boiling point between about -100 °C to 
about 90° C; and 

d) optionally, recovering thermal energy from a portion of the offgas 
stream in a third heat recovery device. 

In yet another embodiment of this invention a process for recovery of 
thermal energy from an offgas stream is provided. The process comprises 
the following steps: 

a) oxidizing an aromatic feedstock with a liquid phase reaction 
mixture in a reaction zone to form an aromatic carboxylic acid stream and a 
gaseous mixture; 
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b) removing in a separation zone a substantial portion of a solvent 
from the gaseous mixture to form an offgas stream; and 

c) optionally, recovering thermal energy from a portion of the offgas 
stream in a first heat recovery device to produce a low pressure steam; 

5 d) recovering thermal energy from a portion of the offgas stream in a 

second heat recovery device using a working fluid through a power cycle; 
wherein said working fluid is a compound or mixture of compounds that 
have a normal boiling point between about -100 °C to about 90° C; and 
e) optionally, recovering thermal energy from a portion of the offgas 
10 stream in a third heat recovery device. 

In yet another embodiment of this invention a process for recovery of 
thermal energy from an offgas stream is provided. The process comprises 
the following steps in the order named: 

a) oxidizing an aromatic feedstock with a liquid phase reaction 

15 mixture in a reaction zone to form an aromatic carboxylic acid stream and a 
gaseous mixture; 

b) removing in a separation zone a substantial portion of solvent 
from the gaseous mixture to form an offgas stream; 

c) recovering thermal energy from a portion of the offgas stream in a 
20 first heat recovery device to produce a low pressure steam; 

d) recovering thermal energy from a portion of the offgas stream in a 
second heat recovery device using a working fluid through a power cycle; 
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wherein said working fluid is a compound or mixture of compounds that 
have a normal boiling point between about -100 °C to about 90° C; and 

e) recovering thermal energy from a portion of the offgas stream in a 
third heat recovery device. 

5 

Brief Description of the Drawings 

Figure 1 illustrates different embodiments of the invention where a 
process to produce thermal energy from an offgas stream is provided. 

Figure 2 illustrates different embodiments of the invention where a 
process to produce thermal energy from an offgas stream is provided 
through the use of at least one device. 

Figure 3 shows a typical "condensation curve" which describes the 
heat duty of a condenser or partial condenser as a function of temperature 
Figure 4 shows an example of a power recovery system. 

Detailed Description of the Invention 

In the first embodiment of this invention, a process for recovery of 
20 thermal energy from an offgas stream 145 is provided in Figure 1 . The 
process comprises the following steps. 
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Step (a) comprises oxidizing an aromatic feedstock 105 with a liquid 
phase reaction mixture 110 in a reaction zone 115 to form an aromatic 
carboxylic acid-rich stream 120 and a gaseous mixture 125. 

The liquid phase reaction mixture 110 comprises water, a solvent, a 
metal oxidation catalyst and a source of molecular oxygen. The reaction 
zone 115 comprises at least one oxidation reactor. The oxidizing is 
completed under reaction conditions which produce the aromatic carboxylic 
acid-rich stream 120 and the gaseous mixture 125, Typically, the aromatic 
carboxylic acid-rich stream 120 is a crude terephthalic acid slurry. 

Crude terephthalic acid is conventionally made via the liquid phase 
air oxidation of paraxylene in the presence of a heavy metal oxidation 
catalyst. Suitable catalysts include, but are not limited to, cobalt, 
manganese and bromide compounds, which are soluble in the selected 
solvent. Suitable solvents include, but are not limited to, aliphatic mono- 
carboxylic acids, preferably containing 2 to 6 carbon atoms, or benzoic acid 
and mixtures thereof and mixtures of these compounds with water. 
Preferably the solvent is acetic acid mixed with water, in a ratio of about 5:1 
to about 25:1, preferably between about 10:1 and about 15:1. However, it 
should be appreciated that other suitable solvents, such as those disclosed 
herein, may also be utilized. Conduit 125 contains a gaseous mixture 
which comprises vaporized solvent, gaseous by-products, nitrogen and 
unreacted nitrogen generated as a result of an exothermic liquid phase 
oxidation reaction of an aromatic to an aromatic carboxylic acid. Patents 



disclosing the production of terephthalic acid such as U.S. patent 
#4,158,738 and #3,996,271 are hereby incorporated by reference. 

Step (b) comprises removing in a separation zone 130 a substantial 
portion of a solvent from the gaseous mixture 125 to form the offgas stream 
135 and a solvent rich stream 140. 

The offgas stream 135 comprises water, gaseous by-products, and 
small amounts of solvent. When the solvent is a low molecular weight 
carboxylic acid solvent, the ratio of water to low molecular weight carboxylic 
acid solvent is in the range of about 80:20 to about 99.99:0.01 by mass. 
The gaseous by-products comprise oxygen, oxidation by-products, such as, 
carbon monoxide and carbon monoxide, and in the instance when air is 
used as a source of molecular oxygen, nitrogen. At least a portion of the 
offgas stream 135 or all of the offgas stream 135 is sent on to a heat 
recovery zone via conduit 145. 

Typically, the temperature and pressure conditions of the offgas 
stream 145 are in the range of about 130 to about 220°C and about 3.5 to 
about 18 barg. Preferably, the temperature and pressure conditions of the 
offgas stream 145 are in the range of about 90 to about 200 °C and about 4 
to about 15 barg. Most preferably, the temperature and pressure conditions 
of the offgas stream 145 are in the range of about 130 to about 180°C and 
about 4 to about 10 barg. 

The gaseous mixture in conduit 125 is directed to the separation 
zone 130. Typically, the separation zone 130 comprises a high pressure 



distillation column having between about 20 and about 50 theoretical stages 
and a condenser or plurality of condensers. In the separation zone 130, the 
solvent rich stream is recovered via conduit 140. The purpose of the 
separation zone 130 is to perform a separation wherein at least a potion of 
the solvent is recovered and excess water is removed. In general, for the 
purposes of optimized energy recovery, there should be minimal pressure 
reduction between the contents of conduit 125 and conduit 135 and 145 
since this represents a loss of potentially recoverable energy. Therefore, 
the separation zone 130 should operate at temperature and pressure 
conditions at or near that of the gaseous mixture from conduit 125. At least 
a portion or all of the offgas stream 135 is sent to a heat recovery zone via 
conduit 145, and the rest of the offgas stream 137 can be utilitized 
elsewhere within the process for producing the aromatic carboxylic acid. 

Step (c) comprises recovering the thermal energy from at least a 
portion of the offgas stream 145 in a heat recovery zone 150. In the heat 
recovery zone 150, a portion of the offgas stream 145 is condensed to form 
a condensed mixture 155; and the condensed mixture 155 can be optionally 
recycled back to the separation zone. A working fluid is utilized to recover 
the thermal energy. Generally the working fluid is a compound or mixture of 
compounds that have a normal boiling point between about -100°C to 
about 90° C. 

The recovering of the thermal energy from the offgas stream 145 in a 
heat recovery zone 150 can be accomplished by any means known in the 
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art. However, generally a power cycle is used. Power cycles are well 
known in the art. A power cycle is a cycle that takes heat and uses it to do 
work on the surroundings. There are numerous power cycles that are well 
known in the art. Examples of power cycles include, but are not limited to, 
5 an organic rankine cycle(ORC), a kalina cycle, or a power cycle as 
described in WO02/063141 herein incorporated by reference. 

Other examples of power cycles that can be used are disclosed in "A 
Review of Organic Rankine Cycles (ORCs) for the Recovery of Low-Grade 
Waste Heat" Energy, Vol. 22, No. 7, pp 661-667,1997, Elsevier Science 
10 Ltd, Great Britian and Absorption Power Cycles", Energy, Vol. 21 , No. 1 , pp 
21-27, 1996, Elsevier Science Ltd, Great Britain, are herein incorporated by 
reference. 

One common feature among these examples is the use of low 
temperature evaporating working fluids. Typically, low temperature 

15 evaporating working fluids are used in power cycles to recover thermal 

energy at relatively low temperatures (e.g. at temperatures generally below 
150 °C) instead of water or steam due to the higher power recovery 
efficiencies. One such cycle is a rankine cycle that is characterized by an 
isothermal boiling/condensing process. Steam turbine plants usually 

20 closely approximate a rankine cycle process wherein the working fluid is 
substantially water. However, as commonly accepted, rankine cycle power 
recovery using water/steam at low temperatures (e.g. at temperatures 
generally below 150 °C) are generally inefficient. 
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The working fluid can be any fluid as long as it is substantially free of 
water wherein substantially free is approximately less than 20% by weight. 
In another embodiment of the invention wherein the working fluid is a 
compound or mixture of compounds that have a normal boiling point 
5 between about -100 °C to about 90 °C. Another range is the working fluid 
can be a compound or mixture of compounds that have a normal boiling 
point between about -100°C to about 60° C. 

In another embodiment of the invention the working fluid is selected 
from the group consisting of propane, isopropane, isobutane, butane, 
10 isopentane, n-pentane, ammonia, R134a, R1 1, R12, and a mixtures 
thereof. R134a, R1 1, R12 are known in the art and commonly available 
commercial refrigerants. 

In a second embodiment of the invention, a process for recovering of 
thermal energy from at least a portion of an offgas stream 235 via conduit 
15 245 is provided in Figure 2. The process comprises the following steps. 

Step (a) removing in a separation zone 230 a substantial portion of a 
solvent from the gaseous mixture 225 to form the offgas stream 235 and a 
solvent rich stream 240. 

Step (a) in the second embodiment is substantially the same as step 
20 (b) in the first embodiment of the invention. In the case where the 

separation zone comprises a distillation column, the offgas stream 245 exits 
the top of the distillation column through conduits 245 and 237. The offgas 
stream 245 comprises gaseous reaction by-products, nitrogen, unreacted 
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oxygen. The solvent, typically acetic acid and water are also present in 
amounts at or near saturation conditions. The ratio of water to acetic acid is 
roughly in the range of 80:20 to 99.99:0.01 by mass, preferably in the range 
of 99.5:0.5 to 98.5: 1 .5 by mass. A portion of this offgas stream, 
5 represented by the contents of conduit 245, can be passed through a series 
of heat recovery zones, 260, 270, and 280. A portion of the offgas stream 
145 is condensed and directed via conduit 255 either as reflux flow to the 
distillation column in the separation zone 230 via conduit 255 or as liquid 
distillate via conduit 285. 

10 From a distillation perspective, the role of 260, 270, and 280 is to 

condense enough material from the overhead offgas stream 245 to provide 
the distillation column in the separation zone 230 with adequate reflux to 
drive the solvent and water separation. However, the heat duty necessary 
to perform the condensation also serves to remove heat generated by the 

15 oxidation reaction of the aromatic feedstock to the aromatic carboxylic acid. 

It would be useful and efficient to recover the energy. One barrier to 
efficient energy recovery is due to the presence of non-condensable gases 
in conduits 245 and 237. The non-condensable gases, for example, 
nitrogen, oxygen, carbon monoxide, and carbon dioxide, give rise to a 

20 condensation heat curve that is not amenable to producing steam. 

This is illustrated by the example in Figure 3. Figure 3 shows a 
typical "condensation curve" which describes the heat duty of a condenser 
or partial condenser as a function of temperature. In this case, the 
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condenser is a partial condenser with a vapor inlet temperature of about 
139°C and an outlet temperature of about 45°C. 

If it is desirable to produce about 15 psig steam or about 1 barg in a 
single partial condenser unit, then Figure 3 indicates that only 55% of the 
5 total duty of the condenser can be used to produce 15 psig steam. This is 
because 15 psig steam has a saturation temperature of about 121°C. In 
this example of a partial condenser only 55% of the total duty can be 
transferred to the steam at temperatures at or above 121°C. This illustrates 
what is commonly known in heat transfer technology as a temperature 
10 "pinch" and represents a thermodynamic limitation on the system. 

It is possible to recover more heat if the pressure (and temperature) 
of the steam generated is lowered. However, this is of limited value 
because in order to utilize the steam for heating purposes elsewhere within 
the carboxylic acid production process, the steam must be of sufficient 
15 temperature. 

Step (b) comprises optionally recovering thermal energy from a 
portion of the offgas stream 245 in a first heat recovery zone 260 to 
produce a low pressure steam; 

Step (c) comprises recovering thermal energy from a portion of the 
20 offgas stream 245 in a second heat recovery zone 270 using a working 
fluid through a power cycle; wherein said working fluid is a compound or 
mixture of compounds that have a normal boiling point between about -100 
°C to about 90° C. 
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Step (d) comprises recovering thermal energy from a portion of the 
offgas stream 245 in a third heat recovery zone 280. 

The purpose of step (b), step (c) and step (d)'s is for the efficient 
recovery of thermal energy. The heat recovery zones 260, 270, and 280 
5 comprise at least one device wherein thermal energy from the offgas 
stream 145, is recovered. The first heat recovery zone 260 comprises a 
heat recovery device or plurality of devices wherein the heat transfer is 
accomplished at a temperature greater than about 121°C. The second heat 
recovery zone 270 comprises a heat recovery device or plurality of devices 

10 wherein the heat transfer is accomplished about a temperature greater than 
90°C. The third heat recovery zone 280 comprises a heat device or 
plurality of devices wherein the heat transfer is accomplished at a 
temperature greater than 25°C. The heat recovery devices can be any 
device known in the art. 

15 The relevance of the heat recovery temperatures is evident in the 

efficiency and usefulness of the heat recovered at those temperatures. For 
temperatures greater than about 121°C, it is possible to produce about 15 
psig (about 1 barg) saturated steam that is useful in industrial applications, 
such as the manufacture of aromatic carboxylic acids, as a heat media. 

20 Although it is possible to produce greater amounts of steam at lower 

temperatures, the usefulness of such steam is limited. Further, utilization of 
steam as a heating media for transferring heat to a lower temperature fluid 
is extremely thermodynamically efficient. 
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The first heat recovery zone 260 typically comprises, but not limited 
to a partial condenser. 

The second heat recovery zone 270 typically comprises, but not 
limited to, a heat transfer device such as a condenser or partial condenser 
5 transferring heat to a "working fluid", usually a refrigerant compound or a 
hydrocarbon or mixture of hydrocarbons. For heat and energy recovery at 
temperatures near or greater than 90°C, several methods are known in the 
art. 

The working fluid can be any fluid as long as it is substantially free of 
10 water wherein substantially free is approximately less than 20% by weight. 
In another embodiment of the invention wherein the working fluid is a 
compound or mixture of compounds that have a normal boiling point 
between about -100 °C to about 90 °C. Another range is the working fluid 
can be a compound or mixture of compounds that have a normal boiling 
15 point between about -1 00°C to about 60° C. 

In another embodiment of the invention the working fluid is selected 
from the group consisting of propane, isopropane, isobutane, butane, 
isopentane, n-pentane, ammonia, R134a, R11, R12, and a mixtures 
thereof. R134a, R1 1 , R12 are known in the art and commonly available 
20 commercial refrigerants. 
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Examples of power cycles include, but are not limited to, an organic 
rankine cycle, a kalina cycle, or a power cycle as described in 
WO02/063141. 

The organic rankine cycle (ORC) which been shown to be effective 
5 and economical for recovery of mechanical work and/or electricity from 

industrial waste heat. Practically, due to the irreversibility of thermodynamic 
systems, it is impossible to convert all the available thermal energy into 
useful work. However, due to the limited usefulness of the low pressure 
steam, it is far more economically advantageous to recover the energy by 

10 some other means than raising steam. 

There are several examples of industrial processes that utilize an 
ORC system for energy recovery. The main advantage of the ORC is its 
superior ability in recovering waste heat with low to medium temperature. 
For ORC systems where recovering energy in the range of 90 to 120°C, the 

15 system has efficiencies in the range of 3 to 20%. System efficiency is 

defined as the total work derived from the ORC system divided by the total 
inlet waste heat. The primary factors in the determining system efficiency 
are the working temperatures for the waste heat stream, the condenser 
temperature and the thermodynamic properties of the working fluid. 

20 Alternatively, the second heat recovery zone 270 can serve to 

transfer heater to a heat pump system. A large number of heat pump 
systems are known in the art. Therefore, any system capable of efficient 
recovery of energy from low temperature heat is applicable. 
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The third heat recovery zone 280 comprises a heat recovery device 
or plurality of devices wherein the heat transfer is accomplished at or near a 
temperature greater than 25°C. Typically, the third heat recovery zone 280 
comprises a water or air-cooled condenser or partial condenser. 
5 In a third embodiment of the invention, a process for recovery of 

thermal energy from an offgas stream 235 is provided in Figure 2. The 
process comprises the following steps. 

Step (a) comprises oxidizing an aromatic feedstock 205 with a liquid 
phase reaction mixture 210 in a reaction zone 215 to form an aromatic 
10 carboxylic acid-rich stream 220 and a gaseous mixture 225. 

Step (a) in the third embodiment of this invention is the same as step 
(a) in the first embodiment. 

Step (b) comprises removing in a separation zone 230 a substantial 
portion of a solvent from the gaseous mixture 225 to form the offgas stream 
15 235 and a solvent rich stream 240. 

Step (b) in the third embodiment is substantially the same as step (b) 
in the first embodiment of the invention. 

Step (c) comprises optionally recovering thermal energy from a 
portion of the offgas stream 245 in a first heat recovery zone 260 to 
20 produce a low pressure steam; 

Step (d) comprises recovering thermal energy from a portion of the 
offgas stream 245 in a second heat recovery zone 270 using a working fluid 
in a power cycle; wherein said working fluid is a compound or mixture of 
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compounds that have a normal boiling point between about -100 °C to 
about 90° C; 

Step (e) comprises recovering thermal energy from at least a portion 
of the offgas stream 245 in a third heat recovery zone 280. 
5 Step (c), Step (d) and Step (e) in the third embodiment of the 

invention is substantially the same as Step (b), Step (c) and Step (d) 
respectively in the second embodiment of this invention. 
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EXAMPLE 

This invention can be further illustrated by the following example of 
preferred embodiments thereof, although it will be understood that this 
5 example is included merely for purposes of illustration and are not intended 
to limit the scope of the invention unless otherwise specifically indicated. 

Figure 4 shows an example of a power recovery system. The temperature 
and pressures are consistent with a terephthaic acid production. In this 

10 system, the working fluid for the organic rankine cycle system is n-pentane. 
Results based on ASPEN Plus™ computer simulation are shown in Table 2. 
Specific details about the equipment use in the model are shown in Table 1 . 
Note that in this example about 55% of the total duty is used to produce 1 5 
psig steam. An additional 38% of the total duty employs an ORC system 

15 for enhanced energy recovery. The overall thermal efficiency of the ORC 
system is roughly about 7.3%. It is assumed that significant improvements 
can be made by optimizing the choice of "working fluid" and by optimizing 
temperature and pressure operating conditions of the ORC system. 

Table 1 



Item 


Description 


Comment 


321 


15 psig steam generator 


Duty - 2.18 x 10 6 BTU/hr 


322 


Pentane evaporator 


Duty - 1.53 x 10 6 BTU/hr 


323 


Heat Exchanger 


Duty - 0.24 x 10 6 BTU/hr 


500 


Turbine 


Work Generated - 44 hp 


510 


Condenser 


Duty - 1.41 x 10 6 BTU/hr 


520 


Pump 


Work Required - 1 .4 hp 



